Abbreviations used in this paper: ASA = anterior spinal artery; CPA = cerebellopontine angle; CT = computed tomography; EVD = external ventricular drain; MMA = middle meningeal artery; MR = magnetic resonance; NBCA = N-butyl-cyanoacrylate; PICA = posteroinferior cerebellar artery; PVA = polyvinyl alcohol; VA = vertebral artery.
EMANGIOBLASTOMAS are histologically benign, hypervascular tumors that account for 1 to 2% of all central nervous system tumors. 4 They are mainly located in the posterior fossa and the spinal cord. Because tumor remnants are known to hemorrhage postoperatively and to progress in the long term, total resection is the goal. 3, 14 To facilitate surgical removal of this tumor in sensitive areas, preoperative embolization has been proposed by some authors. 1, 4, [6] [7] [8] 13, 16 Embolization is usually achieved with particles that are injected into the feeding arteries of the tumor. 1 The safety of such an embolization remains controversial in the literature.
In our single-center series, we observed an extremely high incidence of bleeding from the tumor after cerebellar hemangioblastomas were embolized with Embosphere (trisacryl gelatin microspheres, BioSphere Medical). On the other hand, we did not observe similar complications after the same particles were used to treat spinal hemangioblastomas. In this paper we discuss the pathophysiological mechanisms that cause bleeding to occur after the procedure, and we review the literature.
Clinical Material and Methods
Between 1994 and 2005, seven patients harboring a single hemangioblastoma (four spinal and three cerebellar) were treated by particle embolization at our center. There were five men and two women with a mean age of 49 years (range 25-71 years). All had been referred with clinical and neuroimaging evidence of a craniospinal hemangioblastoma. No patient presented with a clinical history or imaging signs of tumor hemorrhage. All patients had been examined using high-resolution CT scanning with and without contrast material and MR imaging. Angiographic studies of the VAs and internal and external carotid arteries were performed in each patient. Prior resection had been attempted in three patients, and therefore a histological diagnosis was available before the embolization was performed. In four patients the histological confirmation of hemangioblastoma was given after embolization and surgery. Characteristics of patients, tumors, and endovascular interventions are summarized in Table 1 .
Embolization Procedure
The same technique was used in each patient. Embolization was performed with the patient in a state of general anesthesia. High-resolution digital fluoroscopy with roadmapping and a substraction technique (Advantix, GEMS) was used to allow safe and selective catheterization of the feeding arteries. After introduction of a 5-F femoral sheath (Terumo Corp.), the patient received a 5000-IU bolus of Object. In this study the authors compare the clinical outcomes after particle embolization of hemangioblastomas in the cerebellum and spinal cord. They also review the literature of similar cases.
Methods. Seven patients with hemangioblastomas in the spinal cord (four patients) and cerebellum (three patients) underwent preoperative embolization at the authors' center. Magnetic resonance imaging and selective angiography studies as well as histological diagnoses were available in all patients. Embosphere particles (trisacryl gelatin microspheres) were used in all cases. The smallest particle diameter ranged from 100 to 300 m at the beginning of embolization in all patients.
The outcome of embolization was favorable in patients with spinal cord hemangioblastomas, but it was unfavorable for those with cerebellar hemangioblastomas; acute tumor bleeding and death occurred in all of the latter cases. The outcomes following embolization are very different for these two locations possibly because of the different capillary sizes.
Conclusions. The authors no longer use particle embolization to treat cerebellar hemangioblastomas.
heparin intravenously (except for the patient in Case 1 because he had undergone placement of an EVD just before the procedure). Angiograms of both VAs were obtained in patients with cerebellar hemangioblastomas and both VAs and deep cervical arteries in those with spinal hemangioblastomas. Superselective catheterization of the main feeding arteries was then achieved using a Prowler-10 microcatheter (Cordis Neurovascular Inc.) over a Transend-10 microguidewire (Boston Scientific/Target). Because of the small diameter of these arteries, the microcatheter could not be advanced up to the tumor. After injection of contrast medium we determined that arteries circulated in free flow, and we undertook particle embolization of the feeding arteries. The injected mixture consisted of 0.3 ml Embosphere mixed with 20 ml saline and 20 ml contrast medium. The size of the injected particles progressively increased. Initially we used particles with a diameter of 100 to 300 m, and as the flow toward the tumor decreased, we injected 300-to 500-m and 500-to 700-m diameter particles (in one the particles up to 700-900 m). The injections were done manually with a 1-ml syringe under fluoroscopic guidance to monitor flow reduction. When a reduction in arterial blood flow was observed, a control angiogram was obtained to assess residual flow toward the tumor. Particle injection was not repeated after flow toward the tumor was reduced to the extent that contrast agent began to fill the unaffected arteries. Superselective catheterization of a remaining feeding artery was performed if necessary. A final angiogram was obtained with the aid of a 5-F catheter at the end of each intervention. The effects of heparin were reversed by a protamine injection, and the patient was transferred to the neurosurgical intensive care unit for extubation and clinical follow up.
Results
The results of our study are summarized in Table 1 . None of the four spinal cord hemangioblastomas hemorrhaged after embolization. In three (75%) of these patients the lesions were located in the upper cervical spinal cord and were exclusively intramedullary. In the fourth patient the lesion was located in the midthoracic spinal cord and was intra-and extramedullary. Only one patient (25%) in this group had undergone previous surgery. Embolization of one or more feeding vessels to the tumor was performed with particles ranging from 100 to 300 m up to 300 to 500 m in diameter. Occlusion was complete in two cases and partial in the other two. Surgery was performed 2 to 4 days after embolization, and the resection did not result in significant bleeding. Clinical evolution and imaging follow up of these patients were favorable.
The three cases of cerebellar hemangioblastomas were all complicated by intratumoral hemorrhage. Two patients had a tumor in the CPA and one in the vermis. Previous surgery at other institutions had been undertaken in the two patients with CPA tumors, but had been abandoned because of uncontrollable bleeding. The patient with the lesion in the vermis had not undergone previous surgery. In two patients, multiple cerebellar arteries were embolized with particles ranging from 100 to 300 m up to 700 to 900 m in diameter. Both procedures resulted in incomplete devascularization. In one patient, the MMA alone was embolized by 100-to 300-m particles with a complete devascularization.
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Embolization was complicated by hemorrhage during the procedure in two patients with CPA tumors and within 1 hour in the third patient. Intraprocedural hemorrhage was visible on angiography because of contrast medium leakage. The sources of bleeding could be identified in both cases, and glue (NBCA-Lipiodol) was used to control the bleeding and stop contrast extravasation. Despite this treatment, in both patients a massive intratumoral hemorrhage was noted on the postembolization CT scan. Further treatment consisted of surgery and external ventricular drainage in one patient and external ventricular drainage in the other, but these measures failed and the patients died.
In the third patient, the endovascular procedure was uneventful and there was no sign of bleeding. The final angiogram showed complete tumor devascularization. Intratumoral hemorrhage and acute hydrocephalus developed approximately 1 hour later and were diagnosed based on a CT scan obtained because we observed that the patient's pupils had dilated. This patient's clinical condition did not improve despite insertion of an EVD and neurointensive care measures and she finally died.
Illustrative Cases

Case 2
This 25-year-old woman presented with headache, dysphagia, and hiccup that worsened over 1 year. A clinical examination revealed papilledema, slight right hemiparesis, cerebellar syndrome, and paralysis of the ninth through 11th cranial nerves. Cerebral CT scanning and MR imaging (Fig. 1A) revealed a tumor of the vermis growing exophytically into the fourth ventricle. Compression of the medulla oblongata was noted as well as tetraventricular hydrocephalus and a syrinx that extended from the medulla to C-1. The patient was transferred to our center to undergo embolization and resection.
A cerebral angiogram was obtained, which revealed a highly vascularized tumor of the vermis. The main feeding arteries were the two branches of the right VA (the PICA and accessory PICA). A less important supply came from the left PICA (Fig. 1B) . All branches were successively embolized with 100 to 300 m Embosphere, followed by 300 to 500 m Embosphere. The embolization procedure was stopped because of the risk of reflux into the unaffected arteries. The final angiogram showed devascularization of the tumor (Fig. 1C) , and the patient was transferred to the neurosurgical intensive care unit. She exhibited bilateral pupil dilation 1 hour later, and a cerebral CT scan showed massive intratumoral hemorrhage with acute hydrocephalus (Fig. 1D ). An EVD was inserted, but the patient died 24 hours later.
Case 6
This 57-year-old man presented with left-sided hypesthesia, hemiparesis, and urinary problems that worsened over 8 months. Cerebral CT scanning and MR imaging ( Fig. 2A) revealed a C1-2 intramedullary tumor with a sizeable syrinx below it. A diagnosis of spinal hemangioblastoma was made. Angiography (both of the VA and the deep cervical vessels) showed a hypervascular tumor mainly vascularized by three branches of the left VA: two sulcal arteries from the ASA and a muscular branch (Fig. 2B) .
After particle embolization of these three feeding vessels with 100 to 300 m Embosphere, the final angiogram showed good devascularization with respect to the ASA (Fig. 2C and D) . The patient's neurological examination remained unchanged after embolization. A complete resection with minimal blood loss was achieved, and the patient had a favorable clinical outcome.
Discussion
Preoperative Embolization of Hemangioblastomas
The purpose of preoperative embolization of hemangioblastomas is to reduce intraoperative bleeding and to facilitate excision. Particle embolization of hemangioblastomas before surgery has made complete resection possible in cases in which previous surgery had to be stopped due to uncontrollable hemorrhage. 7 Although preoperative embolization of hemangioblastomas has been considered helpful in some cases, 1, 4, [6] [7] [8] 13, 16 the safety of this procedure is not clearly established and some authors of large surgical series prefer not to perform preoperative embolization.
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Embolization Technique
As a general rule, the best tumor devascularization is obtained when the embolizing agent reaches the feeding arteries as distally as possible. Indeed, the more distal the arte- rial occlusion, the less likely that anastomosis will occur with adjacent arteries. To achieve this, we use Embosphere instead of PVA particles, which are used in most reported cases of preoperative embolization of hemangioblastomas (Tables 2 and 3 ). The rationale is that because the Embosphere particles are round they can occlude cylindrical arteries in a more accurate way than irregularly shaped particles. 9 Indeed, PVA particles are irregularly shaped and form agglomerates that occlude more proximally. Regarding the size of the particles, we used the same technique that we apply in all particle embolizations. We initially injected small particles and later injected larger ones.
Bleeding of Cerebellar Hemangioblastomas
We suspect that the cerebellar hemangioblastomas hemorrhaged in the present series because of venous obstruction caused by Embosphere and the subsequent congestion of tumor vessels, leading to their rupture. Because of their spherical shape, Embosphere particles tend to penetrate the tumor vessels deeper than PVA. Therefore 100 to 300 m Embosphere is equivalent to smaller PVA particles. This would explain why Limaye and colleagues, 11 who used 45-to 150-m-diameter PVA particles, also encountered tumor hemorrhages in two patients, whereas all other authors who used larger PVA particles did not encounter such complications.
Influence of Tumor Location on the Results
In our experience, tumor location is a reliable predictive factor of particle embolization safety. When the same type and size of particles are used for embolization, patients with a tumor in the spine often have a favorable outcome, whereas those with a tumor in the cerebellum are at a higher risk of embolization-related rupture. This trend is also found in the literature (Tables 2 and 3 ). Only one embolization-related complication was reported by Friedrich and colleagues 5 in the group of spinal cord and brainstem hemangioblastomas resulting in a complication rate of 5.6% (one of 18 cases). On the contrary, particle embolization for cerebellar hemangioblastomas is more hazardous. Some authors have reported procedures with no complications, 7, 13, 16, 17 and others have noted complications such as intratumoral hemorrhage or swelling. 4, 11, 15 The complication rate in the cerebellum, including our cases, is 43% (six of 14 cases). This may be explained by the varying capillary diameters depending on the tumor location. If one assumes that cerebellar hemangioblastomas have larger capillaries, this would explain why same-sized particles occluded cerebellar hemangioblastomas in the venous sector but spinal hemangioblastomas in more proximal arterial locations. 
Conclusions
Particle embolization of spinal cord and brainstem hemangioblastomas seems safe and efficient. In contrast, particle embolization of cerebellar hemangioblastomas is quite hazardous. Because of the high mortality rate observed in our series, in our center we no longer use this technique in that location. If preoperative embolization of cerebellar hemangioblastomas appears absolutely necessary, we recommend other embolization techniques such as transcranial intratumoral glue injection or transarterial proximal glue embolization.
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